Mindfulness practice, where an individual maintains openness, patience, and acceptance while focusing attention on a situation in a nonjudgmental way, can improve symptoms of anxiety, burnout, and depression. The practice is relevant for health care providers; however, the time commitment is a barrier to practice. For this reason, brief mindfulness interventions (eg, ≤ 4 hours) are being introduced. We systematically reviewed the literature from inception to January 2017 about the effects of brief mindfulness interventions on provider well-being and behavior. Studies that tested a brief mindfulness intervention with hospital providers and measured change in well-being (eg, stress) or behavior (eg, tasks of attention or reduction of clinical or diagnostic errors) were selected for narrative synthesis. Fourteen studies met inclusion criteria; 7 were randomized controlled trials. Nine of 14 studies reported positive changes in levels of stress, anxiety, mindfulness, resiliency, and burnout symptoms. No studies found an effect on provider behavior. Brief mindfulness interventions may be effective in improving provider well-being; however, larger studies are needed to assess an impact on clinical care.
INTRODUCTION
Mindfulness is defined as "a way of being in which an individual maintains openness, patience, and acceptance, while focusing attention on an unfolding situation in a nonjudgmental way." 1 Accumulating evidence suggests that mindfulnessbased therapies can improve symptoms of anxiety, burnout, and depression. 2 Mindfulness training has been associated with an attitude of curiosity, connection to self and patient, attentive listening, error recognition, and clinical insight. 3 Individual mindful practice has thus been offered as a method to improve medical decision-making, be it appropriateness of antibiotic treatment, 4 placement of urinary catheters, 5 or employee outcomes such as work engagement 6 and job performance. 7 It is not surprising then, that collective mindfulness (ie, collective capacity to discern discriminatory detail about emerging issues), 8 is a hallmark of high-reliability organizations and is associated with lower turnover rates, 9 improved quality, and safety. 10, 11 An important barrier to broad implementation of mindfulness in health care settings is the time required for training and practice. For example, the mindfulness-based stressreduction program developed by Jon Kabat-Zinn includes 8 weekly 2.5-hour didactic and practice sessions, one full-day silent retreat, and a recommendation for 45 minutes of daily independent meditation practice. 12 Consequently, while participation in mindfulness-based stress reduction programs benefits the wellbeing of providers, one review concluded that attrition due to time and schedule requirements limits impact. 13 Abbreviated interventions using principles of mindfulness have been introduced to overcome this barrier. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] However, whether these brief interventions improve wellbeing and provider practice is not known. Therefore, we performed a systematic review to examine the effectiveness of brief mindfulness programs on health care providers in the hospital setting.
METHODS

Protocol and Registration
This review was performed per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline 28 and registered with the International Prospective Register of Systematic Reviews (PROSPERO registration number 2016:CRD42016048388).
Data Sources and Searches
The business, theology, philosophy, psychology, social work, nursing, and medical literature were searched to identify brief (ie, lasting ≤4 hours) mindfulness-based practices, with a specific focus on bedside nurses and physicians in the hospital setting. On February 9, 2016, a research librarian searched multiple databases including MEDLINE, CINAHL and PsychINFO, Cochrane/EBM Reviews, EMBASE, the PubMed Journals and Medical Subject Heading databases (Mesh), and the ISI knowledge databases for English language articles published in the peer-reviewed literature. Variations and combinations of the Mesh terms were used to enhance the search (Appendix A, available online). Additional studies were identified by manual review of bibliographies of included articles, review of published protocols on ClinicalTrials.gov, and systematic reviews registered in PROSPERO. The search was last updated on January 24, 2017.
Study Selection and Eligibility Criteria
All study designs (eg, randomized controlled trials, prepost, qualitative) that reported either qualitative or quantitative outcomes following mindfulness-based interventions were included. The population of interest was practicing nurses, physicians, student nurses, or medical trainees 18 years or older employed in a hospital setting (eg, emergency department, inpatient wards, intensive care). This population was selected due to the presence of numerous workplace stressors in the hospital environment that impact the well-being of providers, and suggestions that mindful practice may enhance providerpatient relationships, 3 medical decision-making, 4, 5 employee outcomes, [6] [7] [8] and quality and safety. 10, 11 Psychologists, psychiatrists, social workers, and others in counseling roles were excluded, as were studies performed in primary care, outpatient, long-term care, or office-based settings. Dissertations, conference abstracts, and literature published in non-peer-reviewed journals were also excluded.
Interventions
Studies that evaluated brief mindfulness-based interventions using dedicated content (eg, mindfulness-based stress reduction-based programs), were included. We chose ≤ 4 hours as a cutoff because single, half-day interactive-didactic educational sessions are common for continuing professional education in health care and would thus enhance generalizability. 29 Mindfulness-based interventions were defined using standard definitions, such as exercises that focused on paying attention on purpose, being in the present moment, and being nonjudgmental. 30 Therefore, interventions such as sitting meditation, breathing exercises, guided imagery, relaxation methods, yoga, or desensitization-relaxation in person or through virtual modalities (eg, on-line module, compact discs, or smartphone application) were included. We also included brief mindfulness-based interventions embedded within multifaceted programs, recognizing that the impact of the mindfulness component within such courses could not be ascertained.
Outcomes
The main outcomes of interest were the effectiveness of the interventions on provider well-being and behavior. Provider well-being was assessed through self-reported levels of stress, anxiety, depression, resilience, mindfulness, relaxation, or burnout symptoms (eg, emotional exhaustion, depersonalization, and personal accomplishment), satisfaction with life, or quality of life. Provider behavior was assessed by reports of changes in academic performance (eg, improvements on school examinations); performance on tasks of attention (eg, attentional awareness and cognition measured by tests of memory or intelligence); changes in clinical practice (eg, increased adherence to evidencebased practices); or incidence of diagnostic errors related to the mindfulness intervention.
Data Extraction Process
Three authors (HG, AG, and MH) independently screened titles and abstracts against the inclusion criteria. Full reports of titles that appeared to meet the inclusion criteria were obtained. Citation abstracts and full text articles were uploaded to reference software. The following data were collected: authors, year, study design, study sample, setting, number and type of providers, attrition rate, type and length of intervention, outcomes measured, instruments used, primary and other outcomes, adherence to the intervention, and adverse events. A fourth investigator (VC) resolved disagreements in abstraction. Inter-rater agreement of study abstraction accuracy was assessed using Cohen's K. When pertinent, study authors were contacted by e-mail, up to 3 attempts, to clarify results, obtain relevant missing data, or obtain unpublished information.
Risk of Study Bias
Two authors (HG, AG) independently assessed risk of study bias. Risk of bias among quantitative studies was evaluated using the Downs and Black (D&B) tool as recommended by the Cochrane collaboration. 31 The D&B tool provides an overall score (max points = 28) for methodological quality in randomized and nonrandomized studies by asking 27 questions in 4 categories. A mean and standard deviation was calculated for each category within the overall score.
Risk of bias for qualitative studies was determined by the Critical Appraisal Skills Programme (CASP) tool. 32 CASP assesses the validity of the results and the applicability of the findings using 10 questions. Studies were scored on a 10-point scale (range: 1-3 = low quality; 8-10 = high quality). Inter-rater agreement was assessed using Cohen's K.
Data Synthesis
Owing to clinical heterogeneity, formal meta-analyses were not attempted. A narrative synthesis was conducted with information presented in text and tables to describe the characteristics and effectiveness of included studies. The narrative synthesis explored findings within and among included studies, in accordance with the guidance from the Centre for Reviews and Dissemination.
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RESULTS
The literature search yielded 4181 citations. After removal of duplicates, 3561 articles were reviewed by title and abstract. Of these, 221 full-length articles were reviewed and 14 met inclusion criteria (Figure) . All included publications reported findings from studies that used volunteer/ convenience samples. One of the 14 studies reported qualitative findings, 20 while 7 were randomized controlled trials. 16, 17, 19, [21] [22] [23] [24] Sample sizes ranged from 10 to 245 participants, with most being female (78% across all studies). Studies were conducted in the United States, 14, 15, [20] [21] [22] [23] [25] [26] [27] Canada, 16, 18 Thailand, 17, 19 and Tasmania. 24 The 14 studies spanned 833 health care providers and were published in the last decade: 5 in 2015, 14, 15, [19] [20] [21] 2 in 2016, 25, 26 and one in 2017. 27 Half of the studies offered mindfulnessbased interventions to nurses or nursing students, [14] [15] [16] 18, 19, 21, 25, 27 while the other half offered the same to physicians or medical students/residents. 15, 17, 20, [22] [23] [24] 26, 27 Inter-rater reliability for study abstraction was excellent (Cohen's K = 0.91).
Interventions
Mindfulness Modalities. All studies incorporated brief mindfulness interventions. Nine studies focused solely on mindfulness; [14] [15] [16] [17] [18] [19] 24, 26, 27 5 studies embedded mindfulness within multifaceted resiliency programs [20] [21] [22] [23] or a program to reduce medication errors. 25 Nine of 14 studies used a combination of lecture, discussion, and group or independent practice sessions. [16] [17] [18] [19] [20] [21] [22] [23] 25 Three studies offered only guided meditation sessions. Among these, one was guided by a Buddhist monk, 14 one via audio recordings designed for the study, 24 and another via the smartphone application Headspace (Headspace Inc., Santa Monica, Calif). 26 Two studies tested on-line modules with prerecorded audio meditation sessions. 15, 27 Types of Mindfulness Used. Interventions included general mindfulness practices such as increasing awareness, presence, or acceptance through breathing meditations, [20] [21] [22] [23] 25, 26 mindfulness-based stress reduction-inspired content, [14] [15] [16] 18, 24, 27 Buddhist Anapanasati breathing meditation (ie, emphasis on awareness of the breath), 17 or Vipassana meditation (ie, emphasis on mindfulness of breathing, thoughts, feelings, and actions). Dose, Duration, Setting. For the studies that tested inperson mindfulness interventions, the dose and duration ranged from 5 to 20 minutes once a day 14, 17 to 30 minutes a week over 4 weeks. 16, 18 Adherence to the group sessions was reported in a single study: 40 (89%) participants attended at least one 5-minute session over the 4-week study, while 19 (42%) attended 8 sessions. The average attendance was 2 sessions a week.
14 Four studies tested virtual mindfulness interventions through 5-to 20-minute online modules, 27 1-hour online modules, 15 30-minute daily audio-guided sessions over 8 weeks, 24 or 10-minute daily smartphone app-guided sessions for 10 consecutive days. 26 Home practice was recorded by 20 (65%) participants over the 8-week audio-CD study with a mean practice of 27 days (range 0-52). 24 Five studies embedded mindfulness content within multifaceted programs. [20] [21] [22] [23] 25 A single program specified the amount of mindfulness training in the curriculum: 30 minutes of a 3-hour program. 25 Studies were conducted within a hospital, 14, 16, 18, [20] [21] [22] [23] 25 university classroom, 17, 19 or virtually. 15, 24, 26, 27 Three studies reported the credentials of the meditation instructor (ie, ordained Zen Buddhist priest 14 or trained meditation instructor) 19, 25 (Table 1 ).
14-27
Effectiveness of Interventions at Improving Outcomes
Provider Well-Being. Nine of 14 studies reported significant improvements in provider well-being ( Table 2 ). 15, 23, 27 Burnout symptoms improved in a single study, 16 while 2 studies reported improved relaxation, 16 ,18 quality of life, 22, 23 and satisfaction. 16, 18 Two studies reported no improvement in provider wellbeing. The first embedded mindfulness content within a multifaceted Stress Management and Resiliency Training program as part of nurse orientation. 21 The second examined the feasibility and impact of a free smartphone application on a 10-day program in mindfulness meditation.
26
Provider Behavior. Only 2 of 14 studies assessed changes in provider behavior following the mindfulness intervention. Following 4 weeks of guided breathing meditation for medical students, no effect on anxiety, depression, memory, intelligence quotient, or academic achievement was reported in one study. 17 Another study tested the impact of a mindful breath (ie, instructions to STOP and focus on one breath) within a multifaceted intervention to decrease medication administration errors. 25 This study reported an increase in error interception practices, such as opening the electronic medical record and verifying the patient using 2 identifiers. However, the influence of the mindful breath on these outcomes was not defined. No studies investigated the role of mindfulness in the prevention of diagnostic errors.
Other Outcomes. Eight of 14 studies reported that participants were interested in the content, found time to participate in the intervention, and verbalized benefits from the program. 14, 15, 20, 21, [24] [25] [26] [27] Brennan and McGrady 20 reported that participants requested ongoing mindfulness training, while Kemper and Khirallah, 15, 27 Warnecke et al, 24 and Durham et al 25 reported that 49%, 32%, and 61% of respective participants stated they would continue mindfulness practices. Taylor et al 26 reported that participants perceived mindfulness as a useful clinical tool in caring for hospitalized patients. Although high levels of interest in the content were noted by multiple authors, 14, 15, 21 attrition and nonattendance did occur even in these brief sessions, especially when they involved more than a single session. [21] [22] [23] 26 Reasons for attrition included scheduling conflicts, 21 time constraints, other priorities, and difficulties in starting a new habit or adjusting to a change in routine. 14, 26 Ease of accessibility was a benefit in the studies that offered meditations on the unit 14, 20 or through virtual platforms.
15,24
Quality Assessment
Risk of bias for quantitative studies using the D&B tool was 18, suggesting moderate quality (range 14-25, SD 3.38). Most studies (64%; n = 9) scored poorly on measures of internal validity/bias (mean 4.1, range 3-6, SD 0.86) due to a lack of IPMR = brief Imagery and Progressive Muscle Relaxation program; MBSR = mindfulness-based stress reduction; RN = Registered Nurse. *These two studies were cumulative, participants and results from the 2015 paper were included in the 2017 paper.
1219.e6
The American Journal of Medicine, Vol 130, No 10, October 2017 25 
Observation of medication administration behaviors
Significance not reported Mindful breathing moment prior to medication preparation and administration CD = Compact disc; NS = P > .05; SMART = Stress Management and Resiliency Training. *These two studies were cumulative, participants and results from the 2015 paper were included in the 2017. 
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The American Journal of Medicine, Vol 130, No 10, October 2017 attempt to blind study subjects [14] [15] [16] [17] [18] [19] [21] [22] [23] [24] [25] [26] [27] or measure the main intervention outcomes. [14] [15] [16] [17] [18] [19] 21, 22 In addition, intervention adherence as part of group or independent practice was not reported in most studies [15] [16] [17] [18] [19] [21] [22] [23] [25] [26] [27] (Appendix B, available online). The single qualitative study evaluated by CASP was of low research value (score 3/10) 20 (Appendix C, available online). Reliability for study quality adjudication was excellent (Cohen's K = 0.89).
DISCUSSION
In this systematic review of studies evaluating the effect of brief mindfulness interventions on provider well-being, brief mindfulness interventions were associated with improvement of stress in 5 studies 14, 19, [22] [23] [24] and anxiety in 4 studies. 19, [22] [23] [24] Improvements were reported across various types of interventions and modalities. Notably, mindfulness interventions were modified to fit the schedules of providers and included tools for home practice to promote uptake of the behavior. Although limited to few studies, the diverse geographical location and benefits reported suggests that brief mindfulness interventions may be important in improving provider well-being. The finding that brief interventions improved perceptions of stress and anxiety, in keeping with other forms of mindfulness interventions, is encouraging. However, it is important to note that not all interventions improved study outcomes. For example, the influence of brief mindfulness on resiliency, burnout, and state-trait mindfulness varied across studies. While the reasons for such variation are difficult to discern from this review, we theorize that brief, periodic practice over 4 to 12 weeks may not be enough of a dose to improve these dimensions. Future, more rigorous studies that include longer follow-up to evaluate the sustainability of brief mindfulness interventions on well-being thus appear necessary.
Substantial variability in the intervention approaches, dose, duration, population, and setting were observed between studies. For example, 4 mindfulness approaches tested over 1-to 30-minute sessions, for 1 to 12 weeks, with nurses and physicians from diverse demographic backgrounds, in 6 assorted settings, were tested. In the 6 studies that evaluated provider stress, 14, 19, [21] [22] [23] [24] 4 different mindfulness interventions were used, while 3 interventions were used in the 5 studies that examined anxiety.
19,21-24 Although 6 of 11 studies recommended daily mindfulness practice at home, 16, 18, 19, [22] [23] [24] only one study reported adherence via self-report. 24 Dedicated studies that use standardized interventions, dose, and durations would help advance this field of inquiry.
Notably, the brief interventions included in this review were adapted to increase accessibility by providers. 2 For example, by providing on-the-unit mindfulness interventions in 1-to 5-minute sessions, Gauthier et al 14 and Brennan and McGrady 20 found that when given the opportunity (eg, prior to starting a shift or rounds), the setting (eg, a quiet room on the unit), and the tools (eg, guided meditation), providers can effectively learn strategies to self-manage their reactions to stressful work environments. Similarly, Durham et al 25 embedded mindfulness in clinical care by including a mindful breath in a preprocedural medication administration checklist. 34 In this way, mindfulness may promote switching from a state of automatic pilot to one of cognitive awareness, enabling a more thoughtful approach to clinical decision-making. 35 As illustrated in our review, health systems may select from several mindfulness interventions and offer them in various formats to enhance provider engagement. For example, virtual interventions, such as on-line modules, 15 audio CDs, 24 or smartphone apps 26 are convenient ways to introduce providers to mindfulness. To increase engagement, these components may be paired with group sessions on the unit 14, 20 or with co-workers. 16, 18, 23 Compared with traditional mindfulness interventions, the brief programs demand minimal time away from patient care activities and limited capital investment. Thus, they may be better suited to providers in health care settings.
Our review must be interpreted in the context of several limitations. First, systematic reviews are observational studies and can assess association, not causality. Second, inclusion of myriad study designs and populations introduces clinical and methodological heterogeneity, which may influence outcomes. Further, most studies were of moderate quality due to the omission of data pertaining to exposure and dose of the intervention, limiting generalizability and reliability of results. These limitations reflect the quality of this literature and suggest that methodologically rigorous studies are needed to unlock the potential of this science.
Despite these limitations, this is the first systematic review to examine the impact of brief mindfulness interventions in a health care setting. Our findings advance knowledge and provide deeper insights into this growing field of interest. Second, this systematic review was methodologically rigorous, with a thorough literature search and stringent inclusion and exclusion criteria to improve reliability. Third, the review was guided by previous research that concluded that participation in mindfulness-based stress-reduction programs benefits the well-being of providers, but time and scheduling requirements inhibit participation and practice. 2 Finally, our review suggests that the type of mindfulness-based training may be less important than adaptation to provider setting and schedule. Future studies should consider these elements when designing mindfulness interventions.
APPENDIX A
Ovid Medline: N = 1012 1) (MH "Relaxation Therapy") OR (MH "Mindfulness") OR (MH "Meditation") or "mindfulness*" OR "stress management" OR "mindfulness" OR "psychological well*being" OR "mental well*being" OR "reflective practice" OR "contemplative practice" OR "psychological health" OR "mini*meditations" OR "stress reduction" OR "mantra" OR "mind*body" OR "self*hypnosis" N = 83,371 2) (MH "Physicians") or (MH "Nurses") or (MH "Students") or (MH "Internship") (MH "Residency") or (MH "Hospitalists") or (MH "Health Personnel") or "Physician*" or "nurse*" or "student*" or "hospitalist*" or "health*care provider*" N = 1,314, 429 3 
Mindfulness Block
Searches
The research will be limited to English language articles published in peer-reviewed journals. The literature search will be performed in a wide range of databases that include literature from business, theology, philosophy, psychology, and social work. The search will also be conducted in the traditional healthcare databases, such as CINHAL, EMBASE, MEDLINE, PubMed, PsychINFO, EBM Reviews, Web of Science, and the GoogleScholar database.
URL to search strategy
If you have one, give the link to your search strategy here. Alternatively you can e-mail this to PROSPERO and we will store and link to it. I give permission for this file to be made publicly available Yes 18 Condition or domain being studied This review will target both formal and informal mindfulness practices. The conditions to be targeted include state and trait mindfulness, attentional awareness, modified cognition, perceived modified procedural or cognitive practice, modified risk of diagnostic errors, and patient safety or infection prevention, positive or negative affect, psychological or mental well-being, self-reflection, selfcontemplation, psychological health, work related stress, burnout, resilience, quality of work life, and quality of life.
Participants/population
The population of interest is adult (>18 years old) healthcare providers, specifically practicing nurses, physicians and student nurses and physicians who work in the hospital setting. Clinical units of interest include the operating room, critical care/intensive care, emergency, and acute medical and surgical care units. Context exclusion criteria are healthcare providers in primary care, outpatient, long-term care, or office-based settings. Population exclusion criteria include psychologists, psychiatrists, social workers, and others in professional counseling roles.
Intervention(s), exposure(s)
Informal mindfulness meditation-based interventions (4 hours or less of formal education, training, or practice).
Comparator(s)/control
Comparators include formal mindfulness meditation-based interventions (>5 hours of formal education, training or practice) and other types of meditation (eg, reflective, mantra) or no active intervention of any kind (control/usual care).
Types of study to be included initially
We will place no restrictions on the types of studies to be included.
Context
The inpatient hospital setting, specifically the operating room, critical care/intensive care, emergency, and acute medical and surgical care units. Context exclusion criteria are healthcare providers in primary care, outpatient, long-term care, or office-based settings.
Primary outcome(s)
Tasks of attention; enhanced cognition; reduction in diagnostic errors; enhanced task awareness; enhanced performance on tasks of attention and sustained attention; regulation of attention; greater attention regulation capacity; improvement in attention abilities; other measures of cognitive or performance-oriented capacity in the same theme as above.
Secondary outcomes
Prevention of medical errors; prevention of healthcare-associated infections; prevention of catheter-associated urinary tract infections; prevention of central line-associated bloodstream infections; prevention of surgical site infections; improved hand hygiene performance or other measures of improved outcomes relevant to the inpatient setting. Self reported changes to affect; psychological or mental wellbeing; self-reflection, self-contemplation, psychological health, work related stress, burnout, resilience, quality of work life, or quality of life.
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